(Fairlawn, NJ) and were molecular grade. All oligonucleotides were ordered from IDT 1 0 5 (Coralville, IA). E. coli strains were routinely cultivated at 37 °C in LB broth containing the 1 0 6 necessary antibiotics (50 mg/L kanamycin, 50 mg/L carbenicillin, 15 mg/L chloramphenicol, or 1 0 7 50 mg/L spectinomycin). Growth assays with PCA and 4-HB were performed in M9 salts 1 0 8 medium containing 300 mg/L thiamine and 1 mM isopropyl β -D-1-thiogalactopyranoside concentration of 1 g/L. The pH of the substrates was not controlled, as PCA oxidation occurred 1 1 1 more rapidly at neutral pH. Plasmids for chromosomal integration of the PCA ortho-degradation pathway were 1 2 0 constructed in pET30a (EMD Millipore, Billerica, MA). The plasmid pET30a-dest was created 1 2 1 by blunt-end cloning the PCR product created with primers dest-FWD / dest-REV into pET30a. plasmids used for integration were constructed in pET30a-dest using standard methods to insert 1 2 5
PCR products generated using I-SceI-LP-T5-FWD and LP-IJFK-REV, LP-HGBDC-REV, or 1 2 6 LP-control REV, resulting in pET30a-LP-control, pET30a-LP-pcaIJFK, and pET30a-LP- Waltham, MA) at 37°C for 1 hour. Samples were taken every 15 minutes and analyzed by gel 1 3 8 electrophoresis to confirm I-SceI digestion activity ( Figure S1B ). The PCA ortho-degradation pathway was inserted into the chromosome of E. coli BW25113 the pET30a-LP-control or pET30a-LP-pcaHGBDC plasmid and selected using kanamycin and sequence verified at both the ompT and pflB loci. Cultures were grown to saturation in LB + 1 mM IPTG, then diluted 100-fold into fresh M9 (Biomatters, Auckland, NZ). Targeted mutations were introduced into the parental strain on promoter and terminator for praI expression were chosen from previously characterized genetic The parental and mutant ribosome binding sites were analyzed using the RBS Calculator measured using primers pcaH_SeqF (5'-CGCTCACAATTCCACAACG-3') and pcaH_SeqR 2 0 5
(5'-CTTTTGGGTGCCAATTTCTATC-3'). Copy number was normalized to 16S rRNA gene 2 0 6 copies determined using primers 515F (5'GTGCCAGCMGCCGCGGTAA-3') and 1492R (5'-2 0 7
GGTTACCTTGTTACGACTT-3'). Expression of the PCA pathway allowed growth with PCA as the sole source of carbon and 2 1 7 energy, with a growth rate of 0.16 hr -1 ( Figure 1B) . Control strains lacking the pathway genes 2 1 8 showed a slow increase in optical density due to the formation of a red color, likely caused by 2 1 9 oxidation of PCA, but no increase in turbidity or cell count was observed. While strain AG978 grows with PCA, its growth rate is roughly one quarter that of P. putida 2 2 2 grown under similar conditions (Nichols and Harwood, 1997) . To optimize this pathway, we 2 2 3 used experimental evolution to select for mutants with improved growth on PCA. Three replicate 2 2 4
cultures of AG978 were grown in minimal medium with 1 g/L PCA as the sole source of carbon 2 2 5 and energy. When each culture reached saturation, it was diluted 128-fold into fresh medium and 2 2 6 allowed to regrow. After 500 generations, individual mutants were isolated and characterized.
7
Each of the evolved isolates grew significantly faster than the parent, with improvements 2 2 8 between 2.2-fold and 2.4-fold ( Figure 2) . We identified mixed phenotypes in two of the evolved We resequenced the genomes of all five isolates to identify mutations relative to the parental 2 3 6 strain. The isolates had between five and eight mutations, including several large IS-mediated 2 3 7 deletions and rearrangements ( Supplementary Table 4 ). Many strains shared independent 2 3 8 mutations in the same genes or genomic regions, even across replicate cultures.
3 9
All five strains had mutations adjacent to the pcaH gene, which catalyzes the first step in ( Supplementary Figure 1) . Using the RBS Calculator, the RBS mutation in JME4 is predicted to IS element inserted between the promoter and RBS of pcaH that is likely to increase expression 2 4 6 of the PcaH operon (Schnetz and Rak, 1992) . In combination, these results suggest that 2 4 7
increasing PcaH expression, either through changes in copy number, transcription rate, or 2 4 8
